The objectives of this study were to determine the prevalence of bovine torovirus (BoTV) in bovine fecal samples from diarrhea cases submitted to the Ohio Animal Disease Diagnostic Laboratory (ADDL) and to assess if a relationship exists between BoTV and the other enteric pathogens detected. From November 1999 to May 2001, 259 specimens from 53 calves (Յ6 months old), 27 young adults (Յ2 years), 125 adults (Ն2 years), and 54 animals of unknown age were examined by an antigen-capture enzyme-linked immunosorbent assay (ELISA) and reverse transcriptase-polymerase chain reaction (RT-PCR) assay developed to detect BoTV. Testing for other enteric pathogens was performed by ADDL, and the results were analyzed with the BoTV data. The BoTV was detected using ELISA or RT-PCR in 9.7% (25/259) of the clinical samples, 56% (14/25) of which were from calves (P Ͻ 0.001) representing 26.4% (14/53) of the calves tested. Of the BoTVpositive calves, 71% (10/14) were less than 3 weeks of age. In 11/25 positive specimens, BoTV was the only pathogen detected among those examined. Other enteric organisms detected alone or in combination with BoTV in calf samples were rotavirus, coronavirus, Salmonella spp., Cryptosporidium spp., and Giardia spp.; but no consistent association between BoTV and these organisms was observed. In summary, BoTV was detected in fecal samples from cattle with diarrhea, principally in young calves less than 3 weeks of age. Future studies of infectious diarrhea in cattle should also include assays for this etiologic agent.
In cattle, enteric disease is a major health problem associated with diarrhea, dehydration, and weight loss. The severity of the diarrhea may depend on the causative agents, which include a number of enteropathogens (bacteria, viruses, fungi, protozoa, and helminths), and their interaction with other factors such as environment, other etiologic agents, management, and host factors (i.e., immunosuppression, malnutrition, and stress). 27 Toroviruses are enteropathogens that cause diarrhea and dehydration. 10, 18, 20, 23, 26, 30, 38, [40] [41] [42] They have been detected in normal horses and also in humans, cattle, pigs, and recently in turkeys with diarrhea. 1, 2, 9, 21, 39 Bovine torovirus (BoTV or Breda virus) is an uncultivable, pleomorphic virus averaging 105-140 nm ϫ 12-40 nm in size with a spike-bearing envelope containing an elongated tubular nucleocapsid with helical symmetry. The BoTV belongs to the torovirus genus within the Coronaviridae family, 19 under the new order Nidovirales. 4, 7 These viruses share the same basic genome organization (5Ј-replicase gene-envelope protein genes [spike, membrane, and hemagglutinin-esterase genes]-nucleocapsid gene-3Ј). 3, 4, [33] [34] [35] They also possess similar replication strategies, which consist of the synthesis of a 3Ј coterminal nested set of 4 or more viral subgenomic mRNAs, and 2 open reading frames connected by a frameshift site to express a replicase directly from the genomic RNA. 3, 22, [33] [34] [35] Toroviruses have a positive-sense singlestranded, polyadenylated RNA genome of about 25-30 kb in length. 5, 17, 32, 33 The term torovirus refers to the unique kidney shape of these viruses observed by electron microscopy. ''Torus'' is a Latin word for the doughnut-like structures that some columns have in their bases. 16 The BoTV produces mild to moderate diarrhea in calves under both experimental and field conditions. 10, 18, 20, 23, 26, 30, 38, [40] [41] [42] The BoTV has been recognized in diarrheic dairy and beef calves from a few days through 5-6 months of age. In addition, calves up to 10 months of age develop diarrhea associated with this virus. 16, 18 After oral or intranasal inoculation of calves with BoTV, the virus infects the small and large intestines, resulting in moderate to watery diarrhea by 24-72 hours postinoculation along with depression and anorexia that lasts for 3-5 days. The virus infects the epithelial cells from the middle and lower parts of the villi extending into the crypt cells, inducing cytopathic effects, necrosis, and exfoliation of the enterocytes. 10 In severe cases, calves dehydrate by 24-48 hours after onset, and death may ensue in 48-96 hours. 16 This virus has been detected by electron microscopy, immunofluorescence, and enzyme-linked immunosorbent assay (ELISA) in the United States (specifically in calves from Iowa, Ohio, and South Dakota) 42 and in other countries such as Belgium, Canada, Costa Rica, The Netherlands, India, France, Italy, South Africa, and Germany. 16, 39 Although BoTV has been identified almost worldwide, the prevalence and epidemiology of this viral infection in the United States are still unclear. Seroepidemiologic studies of BoTV in the United States reported up to 88.5% seroprevalence among cattle, indicating that this virus may be widespread in this country. 42 The objectives of this study were to determine the prevalence of BoTV in fecal samples from cattle with diarrhea submitted to the Ohio Department of Agriculture, Animal Disease Diagnostic Laboratory (ADDL), and to assess if a relationship exists between BoTV and the other enteric pathogens identified.
Materials and methods
Sample collections. Two hundred and fifty-nine bovine fecal samples from diarrhea cases submitted to the Ohio Department of Agriculture, ADDL, were collected during a period of 19 months from November 1999 to May 2001. Similarly, 125 bovine fecal samples from healthy (nondiarrheic) cattle above 2 yr of age submitted to ADDL for Johne's disease diagnostic testing were also collected during a period of 12 months, from November 1999 to November 2001. The samples from the healthy adult animals were matched with samples from the clinical cases by age, breed, sex, and time of collection (1-wk-interval window).
Once the samples arrived at the ADDL, routine tests and standard diagnostic procedures were used to detect the presence of common enteric pathogens. Tests for the following pathogens requested by the producer or veterinarian were included: Salmonella spp., Clostridium spp., Campylobacter spp., Mycobacterium paratuberculosis, Giardia spp., Cryptosporidium spp., infectious bovine rhinotracheitis virus, bovine viral diarrhea virus, bovine leucosis virus, and parasites including coccidian.
Immediately after the initial testing, the specimens were submitted to the Food Animal Health Research Program (FAHRP) laboratory, where fecal suspensions of each sample were prepared by diluting the feces 1: 10 in transport medium (minimum essential medium, with 1% Na bicarbonate, 1% penicillin and streptomycin, pH 7.4). The suspensions were vortexed for 30 sec, centrifuged (1,200 ϫ g for 20 min), and the supernatants collected and stored at Ϫ70 C for future testing along with the remaining bulk samples. Specimens were examined using a double-sandwich antigen-capture ELISA and reverse transcriptase-polymerase chain reaction (RT-PCR) assay developed in the FAHRP laboratory to detect BoTV antigen and viral RNA, respectively. Bovine coronavirus (BCV) and bovine rotavirus (BRV) were also detected in the FAHRP laboratory using antigen-capture ELISA. 24, 31 All specimens were blindly tested as coded samples. Once the testing ended, the code was broken and the collected samples were classified based on age into 4 groups: calves (Յ6 mo old), young cattle (Յ2 yr), adults (Ͼ2 yr), and animals of unknown age. In addition, the different specimens were also grouped on the basis of month and season of collection. Epidemiological data related to the samples were also collected and used in the analysis.
Antigen-capture ELISA for BoTV. An indirect double-sandwich antigen-capture ELISA was used for the detection of BoTV in the fecal suspensions. The standardization and validation of the ELISA and RT-PCR assays have been described elsewhere. 15 Briefly, paired rows of a 96-well microtiter plate a were coated with 100 l/well of a 1:1,500 dilution of polyclonal guinea pig hyperimmune anti-BoTV serum or a 1:1,500 dilution of BoTV antibody-negative guinea pig serum in carbonate-bicarbonate buffer (pH 9.6) and incubated at 4 C overnight. After incubation and between each subsequent step, the plates were rinsed 4 times with 250 l/well of phosphate-buffered saline (PBS)-0.05% Tween 20, pH 7.2. After coating, the plates were blocked for 2 hr at 25 C or overnight at 4 C with 200 l of 5% nonfat dry milk in PBS (pH 7.2). Then, 100 l of the fecal suspensions were placed in duplicate wells coated with BoTV antibody-positive or -negative serum and incubated for 1.5 hr at room temperature. A secondary antibody (100 l of purified gnotobiotic calf hyperimmune anti-BoTV serum, produced in the laboratory and diluted 1:3,000 in PBS-0.05% Tween 20-2% bovine serum albumin [BSA]) was applied for 1 hr at 25 C. Next, 100 l of a commercial goat anti-bovine IgG conjugated to horseradish peroxidase b (diluted 1:2,500 in PBS-0.05% Tween 20-2% BSA) was added, and the plates were incubated for 1 hr at 25 C. Reactions were then developed using 100 l of the chromogen substrate 2,2Ј-azino-bis(3ethyl-benzthiazoline)sulfonic acid in 0.1 M sodium citrate, pH 4.2, plus H 2 O 2 (1:1,000). After 20 min, the absorbance value of each well at 414 nm was read with a computer-linked ELISA plate reader. c A spreadsheet program d was used to calculate the ELISA value (EV, the average absorbance of the paired BoTV antibody-positive-coated wells minus the average absorbance of the paired BoTV antibodynegative-coated wells) for each corresponding sample.
A plate cutoff value (PCV) was determined for each microtiter plate as described previously. 11, 15 Briefly, the PCV was defined as the numerical value calculated on each plate using several known positive (n ϭ 1) and negative (n ϭ 5) controls. The mean of the EV of the negative control samples was added to 2.631 (f value) standard deviations of the EV of the negative control samples (cutoff ϭ mean ϩ f ϫ SD). The f value was obtained from a table provided in the literature. 11 This formula was used to calculate the upper limit of the distribution of the negative control samples such that there was a 95% confidence level that all negative samples would be below that point. The EV of each individual sample from 1 plate was compared against the PCV of this plate to classify each sample as negative or positive.
Reverse transcriptase-polymerase chain reaction. All fecal samples collected throughout the study period were tested by RT-PCR for BoTV. A commercial RNA isolation reagent for liquid samples e was used for RNA extraction from each fecal suspension. The forward primer or Spike 5Ј (S5), 5Ј GTG TTA AGT TTG TGC AAA AAT G 3Ј (positions 37-57), and the reverse primer or Spike 3Ј (S3), 5Ј TGC ATG AAC TCT ATA TGG TGT 3Ј (positions 758-777), for BoTV were designed in the FAHRP laboratory from the sequence data for BoTV serotype I provided in GenBank (AF076621). The predicted RT-PCR product obtained was 741 bp from the 5Ј end region of the spike gene.
The 1-step RT-PCR was conducted as follows: 4 l of RNA was pretreated with 1 l of dimethyl sulfoxide (DMSO) for 10 min at 70-75 C. Then, 5 l of the DMSO-pretreated RNA samples was mixed with the master RT-PCR mix ( The mixture was overlaid with mineral oil and run through a single RT phase of 90 min at 42 C, followed by an initial denaturation step of 5 min at 94 C and 30 cycles of 1 min at 94 C, 2 min at 55 C, and 2 min at 72 C. The final extension step was 10 min at 72 C. The RT-PCR products were observed on 1.5% agarose gels containing 1 g/ml of ethidium bromide, and the size of the products were determined by comparison with a 100-bp DNA ladder.
A negative control using dH 2 O was included for every 6-7 field samples. Each RNA extraction or RT-PCR procedure included a BoTV-positive control. Basic preventive measures to avoid cross-contamination between samples and amplicon contamination were taken.
Eight RT-PCR products were sequenced by the Ohio Agricultural Research and Development Center, The Ohio State University, Molecular and Cellular Imaging Center to confirm their nucleotide sequences as BoTV. Sequence analysis of the RT-PCR products was performed using computer software j and compared with published data in GenBank.
ELISAs for BCV and BRV antigens. An indirect antigen-capture ELISA using a pool of 3 monoclonal antibodies directed against the spike (S), nucleocapsid (N), and Hemagglutininesterase (HE) structural proteins of BCV strain was used to detect BCV in the fecal suspensions as described previously. 31 An indirect antigen-capture ELISA using a polyclonal guinea pig anti-BRV serum was used to detect BRV as described previously. 24 Statistical analysis. Chi-square analysis was used to determine the association between BoTV shedding and age group, sex, breed, and season. McNemar's chisquare test was used to determine the association among the different pathogens detected and BoTV shedding.
Results
Two hundred and fifty-nine bovine fecal samples were submitted to the ADDL, including 53 calves Յ6 months old, 27 young cattle Յ2 years, 125 adults Ͼ2 years, and 54 animals of unknown age. From these samples, BoTV antigen or viral RNA were detected by ELISA or RT-PCR in 9.7% (25/259) of the specimens from cattle with diarrhea sent to ADDL (Fig.  1A) . The positive samples came from 15 different counties throughout Ohio (Fig. 2) . The distribution of the overall prevalence of BoTV is displayed in Table  1 . Of the 125 healthy cattle Ͼ2 years old (nondiarrheic) fecal samples tested, none was positive for BoTV by ELISA or RT-PCR.
When analyzed by age, the proportion of BoTVpositive specimens differed between groups (P Յ 0.001). From the 25 BoTV-positive specimens, 56% (14/25) were from calves Յ6 months old, 4% (1/25) from young cattle, 28% (7/25) from adults, and 12% (3/25) from cattle of unknown age (Fig. 1B) . The 14 BoTV-positive calves represented 26.4% (14/53) of the total diarrheic calves submitted to the ADDL (Fig.  1C ). Seventy-one percent (10/14) of the BoTV-positive calves were less than 3 weeks of age, with 42.9% (6/ 14) Յ1 week old (Fig. 3 ). Sex and breed data were analyzed, but variation was not statistically significant.
In 11 of the 25 BoTV-positive specimens (44%), BoTV was the only pathogen detected among those examined. From individuals with BoTV alone, 4 were calves, 1 young adult, 4 adults, and 2 of unknown age. An age-dependent susceptibility to the concurrent presence of several enteropathogens was detected, where calves were more likely (P Ͻ 0.05) to shed BoTV and one or more pathogens (17.4%) concurrently than adult animals (5.5%).
To determine the association between season and BoTV shedding, the statistical analysis was performed using the data from the year 2000 only because the seasons were examined unequally (summer only had 1 collection) and a large disparity among the samples submitted to ADDL was observed among the seasons (i.e., winter 2001, had a very low submission rate). In this analysis, 2 peaks of BoTV shedding were observed, one during the winter months (9.3%, 7/75) and the other during the summer season (7.5%, 5/67) ( Fig.  4) . However, no statistically significant difference among the 4 seasons and BoTV shedding was observed.
All 8 RT-PCR S-gene products sequenced were BoTV-specific amplicons (data not shown) and showed high identity (89.6-99.7%) when compared with the genomic sequence of BoTV-I from GenBank (accession number AF076621), confirming the specificity of the RT-PCR products obtained.
Discussion
The detection rates of BoTV antigen and viral RNA in fecal samples in different age groups (calves, young, and adult) of diarrheic cattle submitted to the ADDL were examined. The overall detection rate or prevalence of BoTV (9.7%) among the submitted samples confirms original reports of BoTV detection in cattle in the state of Ohio, 13, 30 indicating the presence of the pathogen throughout the state. There are no previous studies about the prevalence of BoTV in diarrheic cattle in the United States.
In this study, a significant difference in the detection rate of BoTV was found among the different age groups examined, where the calf group (Ͻ6 months old) showed the highest frequency of BoTV shedding (56%). Samples from one in 4 diarrheic calves submitted to the ADDL had BoTV, and 71% of the BoTVpositive calves were less than 3 weeks of age. Detection of BoTV in young calves has also been reported. 8, 18, 20, 41, 42 In these previous studies, BoTV was implicated as an enteropathogen involved in acute undifferentiated diarrhea in neonatal calves and in the diarrhea disease complex that occurs in calves primarily less than 30 days of age. Similarly, the potential of BoTV as a primary pathogen has been confirmed by experimental inoculation of calves with BoTV. 10, 25, 26, 30, 36, 37, [40] [41] [42] However, the actual etiologic role of BoTV in the calf diarrhea cases in the present study is unclear because no age-matched normal (nondiarrheic) young calves were available in the ADDL submissions because nonclinical cases are generally not submitted to diagnostic laboratories. The BoTV, like other enteric viruses, has been detected in dairy calves and feedlot calves without clinical signs (diarrhea); 13, 18, 20 therefore, the detection of this virus in feces from diarrheic cattle cannot be interpreted as causal. However, BoTV was the only enteric pathogen among those detected in 44% (11/25) of the diarrheic animals positive for this agent. In ad-dition, BoTV was found only in the diarrheic and not in the healthy adult cattle. These findings further support the potential role of BoTV as a primary enteric pathogen in cattle. Finding BoTV in adult cattle may help to support a previous hypothesis 38 that adult animals are the reservoir of this virus and are responsible for persistence in the herd and infection in young animals, as reported for other enteric viruses such rotavirus and coronavirus. 29 Mixed infections with one or more enteric pathogens were observed in the remaining BoTV-positive cattle (14/25), but BoTV shedding was not associated with the presence of any particular pathogen detected in this study. Nevertheless, concurrent shedding of BoTV with one or more enteropathogens was more commonly observed in calves Յ6 months old than in older cattle Ͼ6 months old, which is in agreement with previous reports indicating an increase in the probability of detection of multiple pathogens in calves. 6, 12, 28 Others have reported that mixed infections by enteropathogens were more commonly observed in diarrheic calves than in healthy ones, 28 which suggests that the presence of more than one enteropathogen may be one of the determining factors for clinical disease. A combined effect between BoTV and other enteric pathogens such as rotaviruses and astroviruses has been re- ported under experimental conditions, where concurrent infection with BoTV and either of the 2 viruses induced a more severe clinical disease than did each virus alone. 40, 42 Similarly, it was observed that feedlot calves with concurrent shedding of BoTV and BCV showed a further reduced weight gain than when either of the 2 viruses were shed alone. 14 It would be informative from a preventive and control prospective to further explore this topic by performing experimental mixed infections with BoTV and other enteric pathogens, such as BCV, Cryptosporidium spp., pathogenic E. coli, Salmonella spp., to study their individual and interactive role in the production of diarrhea, disease severity, and effects on the length of the susceptibility period and shedding.
Although no statistical association was detected between BoTV shedding and season in the year 2000, the virus was more likely to be detected during the winter months, highlighting that these months were also the ones with higher submissions. Cold weather as well as the change in the management practices (crowded pens, contact with older animals, etc.) during the winter months may increase the risk of BoTV infections.
Because information on BoTV prevalence and epi-demiology is limited and reagents are expensive to produce and not widely available, it is logical to initially survey diarrhea cases submitted to diagnostic laboratories to ascertain whether BoTV is present in such cases. However, some bias can be expected because of the sampling procedures used in these types of studies because it is assumed that veterinarians and farmers may tend to submit only severe or persistent cases of diarrhea, which would underrepresent mild or transient cases of diarrhea. An additional bias was the fact that only fecal samples from healthy cattle more than 2 years of age could be obtained for this research, which did not allow us to determine the prevalence of BoTV in healthy calves. However, despite these drawbacks, important information was obtained from this study. For example, the prevalence and epidemiological data for BoTV provided by this research may help in the design of future epidemiological surveys by allowing the calculation of sample sizes and the planning of sampling strategies specific to BoTV. In conclusion, BoTV was detected in 9.7% of fecal samples from cattle with diarrhea submitted to the Ohio ADDL, where BoTV occurred most commonly in young calves Յ3 weeks old, and with an apparent relationship with the winter months. Twenty-six percent of the total calf samples submitted to the ADDL had BoTV antigen or viral RNA detected by ELISA or RT-PCR, and 44% of the BoTV-positive samples did not contain other major enteric pathogens. Further studies of infectious diarrhea in cattle should include assays for this etiologic agent, particularly when the samples come from young calves with undifferentiated diarrhea.
